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In the title compound, C29H42N2O2, the heterocyclic ring has a 
twist conformation. The cyclohexane ring adopts a chair 
conformation. The dihedral angle between the aromatic rings 
is 32.74 (6)°. The molecular conformation is stabilized by two 
intramolecular O— H- ■ -N hydrogen bonds with graph-set 
motif S(6). The crystal packing is stabilized by C— H- ■ O and 
C— H- • -7T interactions. 

Related literature 

For related structures, see: Rivera et al. (2009, 2010). For 
puckering parameters, see: Cremer & Pople (1975). For 
hydrogen-bond graph-set nomenclature, see: Bernstein et al. 
(1995). 




Experimental 

Crystal data 

C29H42N2O2 
M, = 450.65 
Triclinic, PI 
a = 6.2383 (2) A 
b = 14.2296 (5) A 



c = 15.6530 (6) A 
a = 105.942 (3)° 
P = 95.737 (3)° 

Y = 98.041 (3)° 

V = 1308.87 (8) A 3 



Z = 2 

Cu Ka radiation 
H = 0.55 mm~' 

Data collection 

Agilent Xcalibur Atlas Gemini 

Ultra diffractometer 
Absorption correction: analytical 

(CrysAlis PRO; Agilent, 2011) 
= 0.246, T max = 0.581 

Refinement 

R[F 2 > 2a(F 2 )} = 0.054 

wR(F 2 ) = 0.143 

S = 1.01 

4676 reflections 

304 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



T = 120 K 

0.22 x 0.10 x 0.08 mm 



28373 measured reflections 
4676 independent reflections 
3632 reflections with / > 2tr(/) 
R inl = 0.139 



2 restraints 

H-atom parameters constrained 
A/W = 0.21 e A~ 3 
A/) mi „ = -0.27 e A~ 3 



Cg3 and Cg4 are the centroids of the C9-C14 and C20-C25 benzene rings, 
respectively. 



D-H-A 


D—H 


H-A 


D- ■ A 


D-H-A 


Ol-HlOl-Nl 


0.98 


1.77 


2.6585 (18) 


148 


02-H102- ■ N2 


0.89 


1.86 


2.6794 (18) 


153 


C2-H2- ■ 02 1 


0.98 


2.45 


3.367 (18) 


155 


C5-H5B- ■ Cg3" 


0.96 


2.87 


3.625 (2) 


135 


C19-H19.4- ■ Cg^T 


0.96 


2.84 


3.6722 (18) 


144 


Symmetry codes: (i) x H 


- 1, y, z; (ii) — x - 


H,-y + l, 


— z + 1; (iii) —x, —y - 


hl,-z + 2. 



Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg & Putz, 2005); software used to prepare 
material for publication: publCIF (Westrip, 2010). 
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Bogota (DIB) de la Universidad Nacional de Colombia, for 
financial support of this work, as well as the Institutional 
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Science of the Czech Republic. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BT5652). 
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4,4'-Di-te^butyl-2,2'-[(3a/?^Ja/?5)-2,33a,4,5,6,7Ja-octahydro-li/-13-benzimidazole-l,3- 
diyl)bis(m ethylene)] diphenol 

A. Rivera, D. J. Pacheco, J. Rios-Motta, M. Pojarova and M. Dusek 
Comment 

It is known that intramolecular O — H—N hydrogen bonds in Mannich and Schiff bases play a key role in the themo- 
dynamic stability of these bases. In our group, research has been focused on the development of novel af/-Mannich 
bases (Rivera et al, 2009, 2010) and their hydrogen-bonded structures. In this work, we report the crystal struc- 
ture of 4,4'-ditertbutyl-3,3',5,5'-tetramethyl-2,2'-[(3aR,7aR/3aS,7aS)-2,3,3a,4,5,6,7, 7a-octahydro-l//-l,3-benzimidazole- 
l,3-diyl)bis(methylene)]diphenol (I) as hydrogen bonding model. The molecular structure and atom-numbering scheme for 
(I) are shown in Fig. 1 . The bond lengths are normal and comparable to the corresponding values observed in the related 
structures (Rivera et al, 2009, 2010). The aromatic rings (C9 — C14; C20 — C25) are essentially planar with the maximum 
deviation from planarity being 0.0094 (19)° for atom C18. 

As with related structures in this series, the heterocyclic ring has a twisted conformation on C2 — C7, (Q(2)= 0.4380 
(10) A, <p = 120.3 (2)°, (Cremer & Pople, 1975), and as is typical for such Mannich bases and the molecular conformation 
is stabilized by two intramolecular O — H - N hydrogen-bond interaction with set graph motif S(6) (Bernstein et al. 1995). 
However, contrary to other structures, where the difference in the hydrogen bond lengths may be considered to be negligible, 
the two observed intramolecular hydrogen bond distances were different (Table 1). Considering the similarity of the chemical 
environment around of both nitrogen atoms, it is then surprising to see the difference in the O — H distances between 02 — H2 
[O— H = 0.89 A (2)] and 01— HI [O— H = 0.98 A (18)], which is longer compared to the previous compounds (Rivera et al., 
2009, 20 10). Our observation for this difference can be correlated to the difference in the participation of each one of oxygen 
atoms in hydrogen-bond networks. Although a hydroxyl group is involved as an acceptor hydrogen bond in an intermolecular 
hydrogen bond, the other is a non-intermolecular-hydrogen-bonded hydroxyl group. The intermolecular hydrogen bonds 
[C2 — H2A--02', symmetry code: x + l,y,z] bridge the molecules through head-to-tail into a one-dimensional chain running 
parallel to the a axis (Figure 2). These chains are stabilized by C — H-ti interactions (Table 1). 

Experimental 

To a dioxane:water (7 ml) solution of the aminal (2R,1R,\ 15,16s)- 1,8, 10, 17- tetraazapentacyclo[8.8.1.1 8 ' 17 0 2 ' 7 0 1U6 ]- 
icosane (276 mg, 1.00 mmol) was added dropwise a dioxane solution (3 ml) containing two equivalents ofp-tertbutylphenol 
(300 mg, 2.00 mmol). The mixture was refluxed for about 10 h. The solvent was evaporated under reduced pressure until a 
sticky residue appeared. The product was purified by chromatography on a silica column, and subjected to gradient elution 
with benzene:ethyl acetate (yield 47%, M.p. = 430^131 K). Single crystals of racemic (I) were grown from a chloroform: 
methanol solution by slow evaporation of the solvent at room temperature over a period of about 2 weeks. 
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Refinement 

According to common practice H atoms bonded C atoms were kept in ideal positions with C — H distance 0.96 A during the 
refinement. The isotropic displacement parameters of the hydrogen atoms were calculated as 1.2*(7 e q of the parent atom. 
The distance between hydrogen and oxygen atom in hydroxyl group was fixed to the distance 0.87 A. The quality of the 
crystals was very low. The selected crystal for measurement was the best one from several attempts. 



Figures 




Fig. 1. A view of (I) with the numbering scheme. Displacement ellipsoids are drawn at the 
50% probability level. 



Fig. 2. Packing of the molecules of the title compound view along b axis. 



4,4'-Di-ferf-butyl-2,2'-[(3a/?S,7al?S)-2,3,3a,4,5,6,7,7a- octahydro-1H-1,3-benzimidazole-1,3- 
diyl)bis(methylene)]diphenol 



Crystal data 




C29H42N2O2 


Z = 2 


M r = 450.65 


F(000) = 492 


Triclinic, PI 


D x = 1.143 MgnT 3 


Hall symbol: -P 1 


Cu Ka radiation, X = 1.5418 A 


a = 6.2383 (2) A 


Cell parameters from 9605 reflections 


b= 14.2296 (5) A 


6 = 3.0-67.2° 


c= 15.6530 (6) A 


|i = 0.55 mm 1 


a = 105.942 (3)° 


T= 120 K 


(3 = 95.737 (3)° 


Prism, colourless 


y = 98.041 (3)° 


0.22 x 0.10 x 0.08 mm 


V= 1308.87 (8) A 3 





Data collection 

Agilent Xcalibur Atlas Gemini Ultra 4676 independent reflections 
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diffractometer 

Radiation source: Enhance Ultra (Cu) X-ray Source 
mirror 

Detector resolution: 10.3784 pixels mm" 1 
Rotation method data acquisition using co scans 
Absorption correction: analytical 
(CtysAlis PRO; Agilent, 20 1 1 ) 



= 0.246, T m 



0.581 



3632 reflections with / > 2a(I) 
R mt = 0.139 

9max = 67.3°, 0 m i n = 3.0° 

h = -1^1 



£=-17- 

/=-18- 



►17 
•18 



28373 measured reflections 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.054 
wR(F 2 ) = 0.143 

S= 1.01 

4676 reflections 
304 parameters 
2 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = ll[o 2 {F 2 ) + (0.0802/ 5 ) 2 ] 
where P = {F 2 + 2F 2 )/3 
(A/a) max < 0.001 



1-3 



Apmax = 0.21 e, 

Ap min = -0.27eA~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. The H atoms were all located in a difference map, but those 
attached to carbon atoms were repositioned geometrically. The isotropic temperature parameters of hydrogen atoms were calculated as 
1.2*C/ eq of the parent atom. The distance between hydrogen and oxygen atom in hydroxyl group was fixed to the distance 0.87 A. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Ol 


0.7423 (2) 


0.60526 (9) 


0.68014 (9) 


0.0334 (3) 


HlOl 


0.6083 


0.5598 


0.6803 


0.040* 


02 


-0.2846 (2) 


0.45402 (10) 


0.80993 (9) 


0.0357 (3) 


H102 


-0.1676 


0.4721 


0.7865 


0.043* 


Nl 


0.3185 (2) 


0.53749 (10) 


0.67034 (9) 


0.0253 (3) 


N2 


0.1289 (2) 


0.48505 (10) 


0.77727 (9) 


0.0244 (3) 


CI 


0.2544 (3) 


0.57266 (12) 


0.76055 (11) 


0.0266 (4) 



sup-3 



supplementary materials 



III A 

hllA 


A 1 Ol 1 

U.3o3 1 


U.oUUl 


A O AC C 

U.oUj J 


A All* 

U.U3Z* 


1 1 1 n 

hllr> 


U. IojU 


A £T1 C 


A H A 

U. /oZ4 


a An * 
U.U3Z* 


CZ 


A 1 CO/I ^1\ 

U. lov4 (3 ) 


A 1QQ1/1 /'I '>^ 

U.3yy34 (IZj 


A "71*>1C (\ \ \ 

U. / 1Z3 j (11) 


A ATC1 ( A \ 

U.UZJ3 (4) 


hlZ 


nn *7A 

u.33 /y 


A 1 AO /I 

U.3yZ4 


A "711 £ 

U. /33o 


A A1A* 

U.U3U* 


C3 


A A/1 T /I /1\ 

U.U4Z4 (3) 


U.Zyoo4 (1Z) 


A £0010 C\ 1 \ 

U.ooo3o (11) 


A A1 f\C (A \ 

U.U3UO (4) 


I 1 1 A 

1 13 A 


a i acq 

u. iujy 


A 1A1C 

U.3U3 D 


U.OO /U 


A A17* 

U.U3 / 


HID 

hl3r> 


a aiao 


A A O 

U.Z /4o 


A "7/1A"7 

U. /4U / 


A A1"7* 

U.U3 /* 


C4 


a nci //i\ 
U. 13 j3 (4) 


A TT7/I 1 /I \ 

U.ZZ/41 (14) 


A £ \ A£H /11\ 

U.ol4o / (13) 


A A1"7A ( A\ 

U.U3 /y (4) 


I I 1 A 

ri4A 


u.z / /z 


U.ZloZ 


A £10*) 

u.o3yz 


A A/1 C* 

U.U4j^ 


I I ,1 T~) 

hl4r> 


a m ai 
U.U3V3 


a 1 /;i i 
U.lo33 


A C AC O 


A A/1 C * 

U.U4j^ 


Cj 


a 1 cm //i\ 
U.lDV / (4) 


A "t/ZA/^l /1\ 

U.Zo4o / (14) 


A C1TA/1 1\ 

U.J3Zy4 (13) 


A A/1A1 /C\ 

U.U4U3 (D) 


IIC A 

rljA 


a m C7 
U.U1 3 / 


u.zo4y 


A CA11 

U. jU33 


A A/1 O * 

U.U4o^ 


1 irn 


U.zzyj 


A 1 1 AC 

u.ziyj 


A A AAO 
U.49UO 


A A/1 O * 

U.U4o* 


Co 


A OAC/I /^1\ 

U.Zyz>4 (3 ) 


A 1 A1 0 ^1 /I \ 

U.3oy3o (14) 


A CCOIO (\ 1\ 

U. j Jo3y (IZ) 


A AI/^1 ( A \ 

U.U303 (4) 


I 1/ A 

hloA 


A /I /I C O 

U.4430 


A 1/iOI 


A COA1 

U.joU3 


A A/1 A * 

U.U44* 


hlor> 


A lA/l 1 

U.ZV4Z 


A 1 A1 *7 


A ca/;i 
U. jUoZ 


A A/1 /I * 

U.U44* 


/~<7 
C/ 


U.iyol (3) 


U.43o3o (1Z) 


A /^1A01 (\ 1 \ 

U.o3Uo3 (11) 


a men ( a\ 
U.UZoU (4 ) 


rl / 


U.U4oy 


A A 1Q/1 

U.43y4 


A £A£0 

U.oUoo 


A A1/1 * 

U.U34^ 


to 


a fi\ 

u.zyzo (3 j 


A /CA/1 CI /I o\ 

U.oU4j 1 (1Z) 


a /: i cm (\ 1 ^ 
U.ol jUI (11) 


A AT7/; ( A\ 

U.UZ /0 (4 ) 


I I o * 

hloA 


A 1 A "7C 

U. 14 / j 


U.oZlo 


U.OlDO 


A All* 

U.U33* 


1 lot) 


A 1A£Q 

u.3uoy 


A C.71 A 
U.D / 1U 


A C^1/l 

U. D j34 


A All* 

U.U33 


cy 


A /I^T/: /1\ 

U.4oZo (3) 


U.oyo3Z (1Z) 


A £/1AC/: /1 1\ 

U.o4yjo (11) 


A ATCC ( A\ 

U.UZjj (4) 


C1U 


a £7A£ cx\ 

u.o /yo (3 j 


u.oy3 jz (iz) 


A ZHQ 1 *) /I 1 \ 

u.o /y iz (ii) 


A AT/il ( A\ 

U.UZ03 (4 ) 


i i 

CI 1 


A 01/1 0 f1\ 

U.o34Z (3 J 


A "7"7Q£ 1 /1 T\ 

u. / /yoi (13) 


A "7A"70 (\ 1 \ 

U. /U / jZ (11) 


a moo ( A\ 

u.uzyy (4 ) 


1 1 1 1 

hll 1 


A A"7"7*7 

u.y / / / 


A HHC O 
U. / /06 


A T>*7A 

u. /z/y 


A A1 & * 

U.U30* 


C1Z 


a 7777 fi\ 
U. / / / / (3) 


A 0"7AAC ^1 1\ 

U.o /UUj (13) 


A "7AC QC (\ 1 \ 

u. /Ujyj (ii) 


A AIOA ( A\ 

u.uzyu (4 ) 


1 1 1 ") 

rilZ 


A 00/1 O 

U.oo4Z 


A OT7A 

u.yz /u 


A "7TC/1 

U. /Zj4 


A A1C* 

U.U3j^ 


^1 1 


A C£ /I 1 /1\ 

U.304Z (3) 


A 0*7*71 C 1\ 

U.o / /3j (IZ) 


A /i"7C"71 1 \ 

U.o /j /3 (11) 


a m/;o (a \ 
U.UZoo (4) 


^1 A 

C14 


A /l 1 AC /1\ 

U.41U3 (3) 


A "70AO 1 /"1 1\ 
U. /Oyol (IZ) 


U.o4y lo (11) 


a m/; i (a \ 
U.UZ03 (4) 


I I 1 A 

hll4 


U.ZooZ 


A "7A1A 

u. /y3u 


A £1A1 

U.03U3 


U.U3Z^ 


i c 

CI J 


a /in*7i ^i\ 
U.4y /3 (3 ) 


U.y /ool (13) 


A £.HA "71 /'I 

U.O /4 / 1 (IZ) 


A A1T1 ( A\ 

U.U3Z3 (4 ) 


Clo 


A /1AAT //1\ 

U.4UUZ (4) 


1 A1*70*7/1 C\ 
1.U1 /o / (ID) 


A H C A/1 /I ^1 C\ 

U. /oU44 (1 j) 


A A/1 A A /C\ 

U.U44y (3) 


hlloA 


a m i 
U.Z/ / I 


A A "7 AO 

u.y /UO 


U. /o3o 


A ACO* 

U.Ujo* 


i 1 1 / d 

hlloB 


A 1 CI /l 

U.3334 


1 A*7A 1 

i.u /y i 


A "7CA"7 

U. /jy 1 


A ACO* 

U.Ujo* 


1 1 | / / • 

hlloC 


A CAOA 

u. juyu 


1 ATOC 

i.uzyj 


A 0 1 1 0 

U.ol lo 


A ACO* 

U.Ujo 


CI / 


a n /i /i //ia 
U.3Z44 (4) 


A A/C11 A /1 /I \ 

u.yoZ3y (14) 


A C A1 1 A C\ A \ 

u.!>y3iy (14) 


A A/IT/i /C\ 

U.U4ZO (D) 


TT 1 *7 A 

hll / A 


A 1 AT C 

u.iyzj 


u.yzzz 


A CAOO 

u.jyoo 


A ACC * 


I I 1 "7 T") 


A 1*701 

U.3 /o3 


A A1AO 

u.y3uz 


A C1A1 

U.!)3y3 


A ACC * 


rll /C 


u.zy4z 


1 ATCQ 

i.uzjy 


A CQAC 

u. r>yuj 


A ACC* 


/~1 1 Q 

Clo 


A /C(m ( A \ 

u.oyzz (4) 


1 ACT A 1 ^1 C\ 

1.UDZ43 (ID) 


A £.ir\Q£. /1 *7\ 

U.o /Uoo (1 /) 


A A/1 11 /C\ 

U.U4/Z (D) 


TT 1 O A 

hlloA 


U.04Z3 


l.lllo 


U.OOJ3 


A A/i 1 * 

U.Uol* 


Tji on 


A 7£7A 

U. /oZU 


1 A1CT 

I.UZjZ 


A /^*>AA 

u.ozuu 


A A/^1 * 

u.uoi * 


hlloC 


A "7A/1 0 

u. /y4o 


1 A/^OI 

l.UooZ 


A T~>ACi 

u. /Z4y 


A A/^1 * 

U.Uol 


C19 


A 1 T>C /I \ 

0.1725 (3) 


A /I O "7*7*7 /1 "1\ 

0.46/77 (12) 


A O *70 C C / 1 1 \ 

0.87265 (11) 


0.0260 (4) 


H19A 


0.1612 


0.5529 


0.9106 


0.031* 


H19B 


0.3203 


0.4765 


0.8860 


0.031* 


C20 


0.0128 (3) 


0.41008 (12) 


0.89290 (11) 


0.0259 (4) 


C21 


-0.2101 (3) 


0.39674 (13) 


0.85995 (11) 


0.0288 (4) 


C22 


-0.3563 (3) 


0.32395 (13) 


0.87683 (12) 


0.0321 (4) 



sup-4 



supplementary materials 



U77 
till 


-U.5U41 


0.3147 




0.8546 














—U. 26.35 (J j 


0.26467 (13) 


0.92669 (12) 


u.uzyy (4 ) 








TJ11 

tiZj 


— U. J54 / 


0.2161 




0.9374 












C24 


-U.U039 (3) 


0.27594 (12) 


0.96120(11) 


r\ m/^n f a\ 
U.Uioy (4) 










A AOA7 

U.U8U / (i) 


0.34982 (12) 


0.94307 (10) 


U.UZjo (4) 








HZD 


a noi 
U. 228.5 


0.3592 




0.9655 




U.U31* 








C2o 


A A1 Q7 

U.Uiy2 {J ) 


0.20602 (13) 


1.01118 


(11) 


U.U3U4 (4 ) 








C2 / 


A 1 C*7n f1\ 

-U.15/U (i) 


0.16459 (15) 


1.05918(13) 


U.Uioo (4) 








U77 a 
Hi / A 


A 7AA7 
-U.2UV2 


0.2185 




1.0983 




n ncn* 








Hz /is 




0.1260 




1.0938 












ri2 /C 


A 77£i 
U.2 /03 


0.1233 




1.0155 




U.UjU 








C28 


A AO C7 { A\ 

U.U852 (4) 


0.11927 (15) 


0.94238(13) 


U.U41 / {J) 








H28A 


A 1 A Cft 

U. 145U 


0.0767 




0.9729 












H28B 


0.1930 


0.1446 




0.9109 




0.054* 








H28C 


-0.0413 


0.0823 




0.9004 




0.054* 








C29 


0.2192 (3) 


0.25932 (15) 


1.08137 (12) 


0.0367 (4) 








H29A 


0.1840 


0.3173 




1.1218 




0.048* 








H29B 


0.3383 


0.2785 




1.0518 




0.048* 








H29C 


0.2609 


0.2155 




1.1145 




0.048* 








Atomic displacement parameters 


(A 2 ) 


















U n 


u 22 


£/ 33 




U 12 


U 


U 21 




Ol 


0.0310 (6) 


0 0344 (61 


0.0392 


(71 


0 0074 (51 

\J . \J\J 1 1 \~Jj 


A AAOA t£\ 
U.UU5U (J ) 


0 


.0162 


P) 


02 


0.0280 (6) 


0 0433 n\ 


0.0428 


(7\ 


0 OOfSfS (51 


A AA77 i £\ 
U.UU / / {J) 


0 


,0232 


(6) 


Nl 


0.0319(7) 


0 0244 f71 


0.0210 


C71 

K'J 


0 0028 (61 


U.UU0.3 p j 


0 


.0091 


y?) 


N2 


0.0295 (7) 




U.U 1 7Z 


(7\ 
(I) 


0 001? 

U.UUjZ yJ f 


U.UU40 p ) 


0 


.0053 


\?) 


CI 


0.0319(8) 


0.0250 (8) 


0.0217 


(8) 


0.0031 (7) 


A AA£1 tn\ 
U.UUol {/ ) 


0 


.0050 


(0) 


C2 


0.0320 (8) 


0.0243 (8) 


0.0193 


(8) 


0.0048 (7) 


A AA£1 ( &\ 
U.UUjJ (0) 


0 


.0052 


(0) 


C3 


0.0390 (9) 


0.0276 (8) 


0.0239 


(8) 


-0.0001 (7) 


A AA77 
U.UU 11 \ /) 


0 


.0071 


(') 


C4 


0.0531 (11) 


0.0270 (9) 


0.0314 


(10) 


0.0018(8) 


A AAA/; ZO\ 

u.uuyo (0 ) 


0 


.0062 


yj) 


C5 


0.0603 (13) 


0.0302 (9) 


0.0262 


(9) 


0.0008 (9) 


A A 1 7 1 (Qt\ 

U.U121 (y) 


0 


.0029 




C6 


0.0512(11) 


0.0321 (9) 


0.0246 


(9) 


0.0017(8) 


A A 1 77 ZO\ 

U.U12/ {of 


0 


.0071 


V) 


C7 


0.0340 (9) 


0.0264 (8) 


0.0224 


(8) 


0.0006 (7) 


U.UU44 { 1 ) 


0 


.0072 


U) 


C8 


0.0319(8) 


0.0285 (8) 


0.0230 


(8) 


0.0009 (7) 


A AA7C (n\ 

U.UU2J yl) 


0 


.0112 


V) 


C9 


0.0285 (8) 


0.0294 (8) 


0.0191 


(8) 


0.0017 (7) 


A AA£1 
U.UU03 (0 ) 


0 


.0086 


ip) 


CIO 


0.0293 (8) 


0.0320 (9) 


0.0215 


(8) 


0.0063 (7) 


A AAQQ I (^\ 

u.uuyy (0 ) 


0 


.0113 


V) 


Cll 


0.0262 (8) 


0.0398 (10) 


0.0240 


(8) 


0.0024 (7) 


a aac/: (n\ 
U.UUjd \ l ) 


0 


.0110 




C12 


0.0304 (9) 


0.0311 (9) 


0.0224 


(8) 


-0.0026 (7) 


U.UUjj {/ ) 


0 


.0059 


V) 


C13 


0.0311 (8) 


0.0289 (8) 


0.0200 


(8) 


0.0016 (7) 


A AA7/1 (£.\ 

U.UU /4 \p) 


0 


.0069 


yp) 


C14 


0.0273 (8) 


0.0308 (8) 


0.0228 


(8) 


0.0032 (7) 


A AA^A l&\ 

u.uujy (0 ) 


0 


.0113 


(/) 


C15 


0.0366 (9) 


0.0272 (9) 


0.0319 


(9) 


0.0033 (7) 


A A A OA f~J\ 

U.UUoU \ l ) 


0 


.0068 


(') 


C16 


0.0506 (12) 


0.0362 (10) 


0.0434 


(11) 


0.0067 (9) 


A A1 Af\ 1 Ct\ 

U.U14U (9) 


0 


.0024 


(9) 


C17 


0.0557 (12) 


0.0296 (9) 


0.0424 


(11) 


0.0083 (8) 


-0.0004 (9) 


0 


.0126 


(8) 


C18 


0.0463 (11) 


0.0354 (10) 


0.0626 


(14) 


0.0005 (9) 


0.0120(10) 


0 


.0208 


(10) 


C19 


0.0285 (8) 


0.0285 (8) 


0.0193 


(8) 


0.0031 (6) 


0.0047 (6) 


0 


.0047 


(6) 


C20 


0.0308 (8) 


0.0280 (8) 


0.0179 


(7) 


0.0050 (7) 


0.0072 (6) 


0 


.0039 


(6) 


C21 


0.0299 (9) 


0.0331 (9) 


0.0246 


(8) 


0.0082 (7) 


0.0072 (7) 


0 


.0081 


(7) 
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PIT 

C22 


U.U2 /3 {a ) 


U.UJoj (y) 




r\ r\r\A a i"7\ 
U.UU44 { 1) 


U.UU /4 ( / ) 


U.UlUo (5 ) 


C2 i 


U.Uj 12 (y j 


U.UZV / {<$) 


U.U2 /6 (y ) 


U.UUU2 (1) 


U.U1UU {/) 


U.UU 


C24 


0.0346 (9) 


0.0275 (8) 


0.0173 (7) 


0.0040 (7) 


A AA*70 /'*7^ 

0.0078 (7) 


U.UU43 (6) 


C25 


0.0285 (8) 


0.0300 (8) 


0.0169 (7) 


0.0032 (7) 


0.0056 (6) 


0.0045 (6) 


C26 


0.0394 (9) 


0.0300 (9) 


0.0222 (8) 


0.0043 (7) 


0.0071 (7) 


0.0083 (7) 


C27 


0.0463 (11) 


0.0394 (10) 


0.0343 (10) 


0.0032 (8) 


0.0105 (8) 


0.0170 (8) 


C28 


0.0588 (13) 


0.0361 (10) 


0.0316(10) 


0.0154(9) 


0.0094 (9) 


0.0077 (8) 


C29 


0.0451 (11) 


0.0405 (10) 


0.0261 (9) 


0.0045 (8) 


0.0028 (8) 


0.0147 (8) 



Geometric parameters (A, °) 



Ol — C10 


1.370 (2) 


C13 — C15 


1.531 (2) 


Ol — HlOl 


0.9834 


C14 — H14 


0.9300 


02 — C21 


1.370 (2) 


C15 — C18 


1.526 (3) 


02 — H102 


0.8859 


C15 — C16 


1.530 (3) 


Nl — C7 


1.465 (2) 


C15 — C17 


1.534 (3) 


Nl — C8 


1.468 (2) 


C16 — H16A 


0.9600 


Nl — CI 


1.478 (2) 


C16 — H16B 


0.9600 


N2 — CI 


1.477 (2) 


C16 — H16C 


0.9600 


N2 — C2 


1.479 (2) 


C17 — H17A 


0.9600 


N2 — C19 


1.479 (2) 


C17 — H17B 


0.9600 


Cl — H1A 


0.9700 


C17 — H17C 


0.9600 


Cl — H1B 


0.9700 


C18 — H18A 


0.9600 


C2 — C7 


1.510 (2) 


C18 — H18B 


0.9600 


C2 — C3 


1.518 (2) 


C18 — H18C 


0.9600 


C2 — H2 


0.9800 


C19 — C20 


1 .504 (2) 


C3 — C4 


1.533 (3) 


C19 — H19A 


0.9700 


C3 — H3A 


0.9700 


C19 — H19B 


0.9700 


C3 — H3B 


0.9700 


C20 — C25 


1.391 (2) 


C4 — C5 


1.526 (3) 


C20 — C21 


1 .402 (2) 


C4 — H4A 


0.9700 


C21 — C22 


1.382 (3) 


C4 — H4B 


0.9700 


C22 — C23 


1.387 (3) 







V^22 rl22 


\J.yj\J\J 


C5 — H5A 


0.9700 


C23— C24 


1.393 (2) 


C5— H5B 


0.9700 


C23— H23 


0.9300 


C6— C7 


1.514(3) 


C24— C25 


1.396 (2) 


C6 — H6A 


0.9700 


C24— C26 


1.537 (2) 


C6 — H6B 


0.9700 


C25— H25 


0.9300 


C7— H7 


0.9800 


C26— C29 


1.531 (3) 


C8— C9 


1.514(2) 


C26— C27 


1.532 (3) 


C8— H8A 


0.9700 


C26— C28 


1.534 (3) 


C8— H8B 


0.9700 


C27— H27A 


0.9600 


C9— C14 


1.387 (2) 


C27— H27B 


0.9600 


C9— C10 


1.404 (2) 


C27— H27C 


0.9600 


C10— Cll 


1.383 (3) 


C28— H28A 


0.9600 


Cll— C12 


1.387 (3) 


C28— H28B 


0.9600 


Cll— HI 1 


0.9300 


C28— H28C 


0.9600 


C12— C13 


1.396 (2) 


C29— H29A 


0.9600 


C12— H12 


0.9300 


C29— H29B 


0.9600 
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C13 — C14 


1.395 (2) 


pin p. 1 uiai 
CIO — CH — H1U1 


1 A£ /I 


pti p.i uim 
C2 1 — U2 — H 1 U2 


1 m *7 
1U2. / 


C/ JN 1 Co 


114. lb (13) 


P"7 \T1 P1 

C/ — JN 1 — CI 


IUj. /o (13) 


PO "\T1 PI 

Co — JN 1 — CI 


113. yi (13) 


pi \n pi 
CI — JN2 — C2 


1 A/1 1 £ / 1 T\ 

1U4.30 (12) 


{ - 1 mi pin 
CI — JN2 — C19 


111 y|c /T")\ 
11 1.4 J (12) 


pi tvti pin 
C2 — JN2 — C19 


11C T I ,1 

115.31 (12) 


MO P1 XT1 

JN2 — CI — JN 1 


106.26 (12) 


\T1 p 1 TJ 1 A 

JN2 — CI — H1A 


line 
110.5 


\T 1 pi TT 1 A 

JN 1 — CI — HI A 


1 1 U. j 


\T1 pi |M n 

JN2 — CI — Hits 


1 1 n c 
1 1 U. J 


M 1 P 1 | [| D 

JN 1 — CI — Hits 


1 1 n c 
111). j 


TJ 1 A PI |[|D 

H1A — CI — Hits 


1 no "7 
106. / 


\n pi p-7 
JN2 — C2 — C/ 


1 nn 0/; / 1 i\ 
100.60 (12) 


\n pi pi 
JN2 — C2 — Ci 


1 in n /1^\ 

1 19.2 / (14) 


PI PI pi 

C / — C2 — Ci 


iin aq /11\ 
110.46 (li) 


\T1 PI JJ1 

JN2 — C2 — H2 


1 no /: 
106.6 


p"7 pi tji 
C / — C2 — H2 


i no £ 
106.6 


pi pi tji 
Ci — C2 — H2 


1 no 
IO0.6 


PI pi pyl 

C2 — Ci — C4 


in"7 A A / 1 C\ 

1U /.44 (ID) 


pi pi TJI A 

C2 — Ci — Hi A 


1 1U.2 


p/i pi tji a 
C4 — Ci — Hi A 


1 1 n 1 
1 10.2 


pi pi T_rir> 
C2 — Ci — Hits 


1 1 n 1 
1 1U.2 


p/i pi mo 
C4 — Ci — Hits 


1 1 n 1 
1 10.2 


tji a pi mo 
HiA — Ci — Hits 


1 no c 
106.5 


PC P/1 PI 

C5 — C4 — Ci 


111 01 /1 /z\ 

112.57 (16) 


PC P/1 T-T/1 A 

C5 — C4 — H4A 


1 no n 

luy.u 


PI P/1 TJ/1 A 

Ci — C4 — H4A 


1 nn n 

luy.u 


pc p/i 1 r 1 0 
C5 — C4 H4ts 


1 nn n 

luy.u 


pi P/i 1 1 1 [3 
Ci — C4 H4ts 


1 nn n 

luy.u 


T_T A A P/1 1 1 1 0 

H4A — C4 — H4ts 


1 n"7 0 
1U /.6 


p/i pc p/: 
C4 — CD — Co 


111 1 <c /1 c\ 
112.16 (15) 


P/1 PC T_TC A 

C4 — C5 — H5A 


1 nn 1 

iuy.2 


p/; pc t_tc a 
Co — Cj — H5A 


1 nn 1 

iuy.2 


P/1 PC TJCTJ) 

C4 — CD — H5ts 


1 nn 1 

iuy.2 


p/; pc tjcts 
Co — C5 — H5ts 


1 nn 1 

iuy.2 


TJC A PC | KD 

H5A — C5 — H5ts 


1 n"7 n 

iu /.y 


p~7 p/; pc 
C / — Co — C 5 


ino 1 n /1 <c\ 
1U6.19 (16) 


f^H f^t* A 

C / — CO — HOA 


nn 1 
1 1U. 1 


r^c r*t. jjt. a 
Cj — CO — HOA 


1 1 A 1 

1 1U. 1 


P"7 P/: 1 i/n 

C / — Co — Hots 


1 1 n 1 
1 1U. 1 


C5— C6— H6B 


110.1 


H6A— C6— H6B 


108.4 


Nl— C7— C2 


101.63 (13) 


Nl— C7— C6 


115.78 (15) 


C2— C7— C6 


111.66(14) 


Nl— C7— H7 


109.1 



C29 — H29C 


0.9600 


pii pi/1 t_t 1 a 
Cli — C14 — H14 


1 1 O A 

116.4 


P10 PIC 1 

C 1 0 — C 1 J — C 1 6 


1U6.66 (16) 


P10 pic pn 

C18 — C15 — Cli 


111 "70 /1 c^ 
111.78 (15) 


P1<r P1C PIT 

C 1 6 — C 1 j — C 1 i 


1 no "7 1 f 1 c\ 
1U5. /I (15) 


P10 pic pn 
C 1 5 — C 1 J — C 1 / 


1 no 11 { 1 £\ 
1U6. 22 (16) 


pit pic pn 
C16 — CI j — CI / 


1 no 0 c ( J h\ 
1U6.S5 (1 /) 


pii pic pn 
C 1 i — C 1 J — C 1 / 


1 in c/; /1 A\ 
11U.56 (14) 


pic pu tj 1 /: a 
C 1 J — C 1 6 — H 1 6 A 


1 nn c 
1U9.J 


pic pu T_ri/;r> 
C 1 J — C 1 6 — H 1 6ts 


1 nn c 
1U9.J 


tji/:a pu tji/:td 
H 1 6A — C 1 6 — H 1 6ts 


1 nn c 
1U9.J 


pic pu tji/:p 
C 1 J — C 1 6 — H 1 6C 


1 nn c 
1U9.J 


tj 1 /: a pit t_ti/;p 
H 1 6A — C 1 6 — H 1 6C 


1 nn c 
1U9.D 


T_ri/;r> pu tji/;p 
H 1 6ts — C 1 6 — H 1 6C 


1 nn c 
1U9.J 


pic pn T_rnA 
C 1 J — C 1 / — H 1 / A 


1 nn c 
1U9.J 


P1C P 1 "7 unn 

C15 — CI / — HI /ts 


1 nn c 
1U9.J 


TJ 1 1 A PIT T_T1 ID 

HI /A — CI / — HI /ts 


1 nn c 
1U9.D 


pic pn ijnpi 
C15 — CI / — HI /C 


1 nn c 
1U9.J 


TJ11A P 1 "7 T_T1"7P 

H 1 /A — C 1 / — H 1 /C 


1 nn c 
1U9.J 


Tji 7D PIT T_T1"7P 

HI /ts — CI / — HI /C 


1 nn c 
1U9.J 


P1C PIO TJIOA 

C 1 J — C 1 6 — H 1 6 A 


1 nn c 
1U9.J 


P1C PIO TJ 1 OTJ 

C 1 J C 1 5 H 1 otS 


1 nn c 
1U9.J 


TJ 1 O A PIO TJ 1 OTJ 

H 1 oA — C 1 6 — H 1 ots 


1 nn c 
1U9.J 


P1C PIO TJI OP 

C 1 J — C 1 0 — H 1 oC 


1 nn c 
1U9.J 


Ul O A PIO TJIOP 

H 1 oA — C 1 6 — H 1 oC 


1 nn c 
1U9.J 


TJ100 PIO TJ 1 OP 

H 1 ots — C 1 0 — H 1 oC 


1 nn c 
1U9.J 


iiTi p 1 n pin 
JN 2 — C 1 9 — C20 


1 1 n no /1 1\ 
11U.9S (li) 


xti pin TjinA 
JN2 — C19 — H19A 


1 nn a 
1U9.4 


pin/1 PIO TJIOA 

C2U — C 1 9 — H 1 9 A 


1 no a 
1U9.4 


TVTO no TJ 1 Q 13 

JN2 — C19 — H19ts 


1 no A 
1U9.4 


r^oo no U1QT) 
C2U — C 1 9 — H 1 9ts 


1 no a 
1U9.4 


TJIOA PIO TJ1 OTJ> 

H 1 9A — C 1 9 — H 1 9ts 


1 no n 
1U5.U 


pic pin pii 
C25 — C2U — C2 1 


110 /;"7 /:\ 
116.6/ (16) 


pic pin pin 
C2 j — C20 — C 1 9 


111 ac\ /1 c\ 
121.69 (15) 


P11 pin pin 
C2 1 — C20 — C 1 9 


1 in t^A /ic\ 
119.64 (1 J) 


p.i pi 1 pii 

U2 — C2 1 — C22 


1 1 n a 0 d c\ 
119.45 (15) 


pi pi 1 pin 
02 — C2 1 — C20 


1 in on n c\ 
12U.sU (15) 


pii pi 1 pin 
C22 — C2 1 — C20 


1 1 n "7 1 /1 /;\ 
119. /I (16) 


pn pn pn 
C2 1 — C22 — C2i 


1 in 1 a i 1 /:\ 
12U.i4 (16) 


pn pii Tjn 
C2 1 — C22 — H22 


1 1 n 0 
119.6 


pn pn tjii 
C2i — C22 — H22 


1 1 n 0 
119.6 


r^n r^n. r^n 
C22 — C2i — C24 


111 "7Q t}£\ 

121. /6 (16) 


pii pn Tjn 
C22 — C2i — H2i 


1 1 n 1 
119.1 


C24— C23— H23 


119.1 


C23— C24— C25 


116.80(15) 


C23— C24— C26 


121.90(15) 


C25— C24— C26 


121.16 (15) 


C20— C25— C24 


122.69 (16) 


C20— C25— H25 


118.7 
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pi Pi in 
C2 — C / — H 1 


1 nn 1 

iuy.1 


pi/i pic mc 
C24 — C25 — H25 


1 1 O "7 
1 18. / 


P/; PI UI 

Co — C / — H / 


1 nn 1 

iuy.1 


pin pi/: pn 
C2y — C2o — C2 / 


1 no m { 1 c\ 
1U0.U2 (15) 


\r1 p o pn 

JN 1 — Co — C9 


lll.U/ (li) 


pin pi/: pio 
C2y — C2o — C2o 


ino co /i/:\ 
lUo.5o (10) 


\T1 PO UO A 

JN 1 — Co — iioA 


1 nn a 

iuy.4 


pn pi/: pio 
C2 / — C2o — C2o 


ino oi /i/:\ 
lUo.03 (10) 


pn po UO A 

CV — Co — HoA 


1 nn a 

iuy.4 


pin pi/: pi/i 
C2y — C2o — C24 


111 lO /1 A\ 

1 11.28 (14) 


\r1 po HOD 

JN 1 — Co — Hots 


1 nn a 

iuy.4 


pn pi/: pi/i 
C2 / — C2o — C24 


111 n c\ 
111./ / (15) 


pn po uod 
cy — Co — HoB 


1 nn a 

iuy.4 


pio pi/: pi/i 
C2o — C2o — C24 


ino m t A a\ 
1US.3U (14) 


UO A PO HOD 

HoA — Co — Hots 


1 no n 
lUo.U 


pi/: pn un a 
C2o — C2 / — H2 / A 


1 nn c 

iuy.5 


p 1 /i pn fin 

c 1 4 — cy — C 1 0 


1 1 o CO /1 C\ 

llo.Do (Id) 


pi/: pn unr> 
C2o — C2 / — H2 ID 


1 nn c 

iuy.5 


c 1 4 — cy — Co 


ni n /ic\ 
121.12 (15) 


mi a pn unr> 
HZ /A — C2 / — HZ ID 


1 nn c 

iuy.5 


pin pn po 

c i o — cy — Co 


n/i / 1 c\ 
12U.25 (IS) 


pi/: pn unp 
C2o — C2 / — HZ /C 


1 nn c 

iuy.5 


p. 1 pin pi 1 

(J 1 — C 1 U — C 1 1 


1 1 n 1 /: /1 c\ 
liy.lo (15) 


un a pn unp 
HZ /A — C2 / — HZ /C 


1 nn c 

iuy.5 


P. 1 PI/1 pn 

ui — ciu — cy 


111 /lc /1 r\ 

121.45 (15) 


unr> pn unp 
H2 /ts — C2 / — HZ /C 


1 nn c 

iuy.5 


pi 1 pia pn 

cii — ciu — cy 


1 1 n i o /i c\ 
liy.30 (15) 


pi/: pio uio a 
C2o — C2o — H2oA 


1 nn c 

iuy.5 


pin P11 pn 
CIU — Cll — C12 


1 in "7n / 1 /:\ 
12U. /y (10) 


pi/: pio uior> 
C2o — C2o — H2ots 


1 nn c 

iuy.5 


P1P1 P11 XJ11 

CIU — Cll — nil 


1 in £ 

iiy.o 


UIO A PIO ITIOD 

HZ 0 A — C2 0 — HZ ots 


1 nn c 

iuy.5 


pn pii ui i 
C12 — Cll — nil 


i in £ 

iiy.o 


pi/: pio uiop 
C2o — C2o — H2oC 


1 nn c 

iuy.5 


pii pn p 1 1 
CI 1 — C12 — CI 5 


ill n 
121.3 / (15) 


UIO A PIO UIOP 

HZ 0 A — C2 0 — HZ oC 


1 nn c 

iuy.5 


P11 pit un 
CI 1 — C12 — H12 


ny.j 


UIOD PIO UIOP 

H2ots — C2o — H2oC 


1 nn c 

iuy.5 


C13— C12— H12 
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C26— C29— H29B 
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C14— C13— C15 
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cy— C14— C13 
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H29A— C29— H29C 
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Cy— CI 4— H14 
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H29B— C29— H29C 


109.5 



Hydrogen-bond geometry (A, °) 

Cg3 and Cg4 are the centroids of the C9-C14 and C20-C25 benzene rings, respectively. 
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CI 9— H19A-Cg4 m 
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2.84 


3.6722 (18) 
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Symmetry codes: (i) x+l,y, z; (ii) -x+1, -y+1, -z+1; (iii) -x, -y+1, -z+2. 
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